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(54) Method and apparatus for currency discrimination and counting 

(57) A document eoluation device comprises an 
input receptacle for receiving a ^ck of documents to be 
evaluated and a single output receptacle for receiving 
said documents after said documents have been evalu- 
ated. A transport mechanism transports said documents 
one at a time from said input receptacle to sakl output 
receptacle along a transport path. A discriminating unit 
includes a detector positioned along said transport path 
between input receptacle and said output receptacle. 
Said discriminating unit counts and determines the iden- 
tity of said documents. Theflagging meansflags whether 
a documents meets or faite to meet a certain criteria. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates, in general, to currency 
identification. The invention relates nfx>re particularly to 
a method and apparatus for automatic discrimination 
and counting of currency bills of different denominations 
using light reflectivity characteristics of indicia printed 
upon the cunrency bills. 

Description o f the Related Art 

A variety of techniques and apparatus have been 
used to satisfy the requirements of automated currency 
handling systems. At the lower end of sophistication in 
this area of technology are systems capable of handling 
only a specific type of currency, such as a specific dollar 
denomination, while rejecting all other currency types. At 
the upper end are complex systems which are capable 
of identifying and discriminating between and autonnati- 
cally counting multiple currency denominations. 

Currency discrimination systems typically employ 
either magnetic sensing or optical sensing for cKscrimi- 
nating between different cun^ency denominations. Mag- 
netic sensing is based on detecting the presence or 
absence of magnetic ink in portions of the printed indicia 
on tiie currency by using magnetic sensors, usually fer- 
rite core-based sensors, and using the detected mag- 
netic signals, after undergoing analog or digital 
processing, as tiie basis for cun^ency discrimination. The 
wore commonly used optical sensing technique, on the 
other hand, is based on detecting and analyzing varia- 
tions in light reflectance or transmissivity characteristics 
occurring when a currency bill Is illuminatei and 
scanned by a strip of focused light. The subsequent cur- 
rency discrimination is based on the conrparison of 
sensed optical characteristics with prestored parameters 
for cfifferent currency denominations, while accounting 
for adequate tolerances reflecting differences anrrang 
individual bills of a given denomination. 

A major obstacle in innplementing automated cur- 
rency discrimination systems is obtaining an optimum 
compromise between the criteria used to adequately 
define the characteristic pattern for a particular currency 
denomination, tiie time required to analyze test data and 
compare it to predefined parameters in order to identify 
the currency \^\\ under scrutiny, and the rate at which suc- 
cessive currency bills may be mechanically fed through 
and scanned. Even witii the use of miaoprocessors for 
processing the test data resulting from tiie scanning of 
a bill, a finite amount of time is required for acquiring 
samples and for the process of comparing tiie test data 
to stored parameters to Identify the denomination of the 
bill. Most of the optical scanning systems available today 
utilize complex algoritiims for obtaining a large number 
of reflectance data samples as a currency bill is scanned 



by an optical scanhead and for sut}sequently comparing 
the data to corresponding stored parameters to identify 
tiie bill denomination. Conventional systems require a 
relatively large numfcjer of optical samples per bill scan 

5 in order to sufficiently discriminate between cun^ency 
daiominations, particulariy those denominations for 
which the r^lectance patterns are not markedly distin- 
guishable. The use of the large number of data sanples 
slows down the rate at which incoming bills may be 

10 scanned and, more importantiy, requires a correspond- 
ingly longer period of time to process tiie data in accord- 
ance witii the discrimination algorithm. The processing 
time is further increased if the system Is also adapted to 
counting of identified currency denominations. The 

15 speed at which bills can be classified and counted is 
tiiereby restricted since real time processing requires 
tiiat the analysis of scanned data for a bill be completed 
and the bill be identified and counted as belonging to a 
particular currency denomination before the sut>sequent 

20 bill gets positioned across and is scanned by tiie scan- 
head. 

A major problem associated with conventional sys- 
tems is ttiat. in ofder to obtain the required large number 
of reflectance samples required for accurate cunrency 

25 discrimination, such systems are restricted to scanning 
bills abng tiie longer dimensk>n of currency bills. Length- 
wise scanning, in turn, has several inherent drawbacks 
including tiie need for an extended transport patti for 
relaying the bill lengthwise across the scanhead and tiie 

30 added mechanical complexity involved in accommodat- 
ing tiie extended patii as well as the associated means 
for ensuring uniform, non-overlapping registration of bills 
witii the sensing surface of the scanhead. 

The end result is that systems capable of accurate 

35 currency discrimination are costiy, medianically bulky 
and complex, and generally incapable of both currency 
discrimination and counting at high speeds witii a high 
degree of accuracy. 

40 SUMMARY OF THE INVENTION 

It is a principal object of the present invention to pro- 
vide an improved method and apparatus for Identifying 
and counting cunrency bills comprising a plurality of cur- 

45 rency denominations. 

tt is another object of this invention to provide an 
improved method and apparatus of the above kind which 
is capable of efficientiy discriminating between and 
counting bills of several currency denominations at a 

so high speed and witii a high degree of accuracy. 

A related object of the present invention is to provide 
such an improved currency discrimination and counting 
apparatus whk^h is compact, economical, and has 
uncomplicated construction and operation. 

55 Briefly, in accordance witii the present invention, tiie 
objectives enumerated atxve are achieved by means of 
an improved optical sensing and correlation technique 
adopted to both counting and denomination discrimina- 
tion of currency bills. The technique is based on the opti- 
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cal sensing of bill r^lectance characteristics obtained by 
illuminating and scanning a bill along its narrow dimen- 
sion, approximately about the central section of the bill. 
Light reflected from the bill as it is optically scanned is 
detected and used as an analog representation of the $ 
variation in the Tjlack" and Vhite" content of the printed 
pattern or indicia on the bill surfece. 

A series of such detected reflectance signals are 
obtained by sampling and digitally processing, under 
microprocessor control, the reflected light at a plurality 10 
of predefined sample points as the bill is moved across 
the illuminated strip with its nanrow dimension parallel to 
the direction of transport of the bill. Accordingly, a fixed 
number of reflectance samples is obtained across the 
nanrow dimension of the note. The data samples is 
obtained for a bill scan are subjected to digital process- 
ing, including a normalizing process to deaccerrtuate 
variations due to "contrasff luctuations in the printed pat- 
tern or indicia existing on the surface of the bill being 
scanned. The normalized reflectance data represent a 20 
characteristic pattern that is fairly unique for a given bill 
denomination and incorporates sufficient distinguishing 
features between characteristic patterns for different cur- 
rency denominations so as to accurately differentiate 
therebetween. 2s 

By using the above approach, a series of master 
characteristic patterns are generated and stored using 
"original" or "new" bills for each denomination of currency 
that is to be detected. According to a preferred entedi- 
ment, four characteristic pattenr^ are generated arKi 30 
stored within system menrx>ry for each detectable cur- 
rency denomination. The stored patterns correspond, 
respectively, to optical scans performed on the lop" and 
"tx>ttom" surfaces of a bill along '^n^^ard" arxi "reverse" 
directions relative to tiie pattern printed on the bill. Pref- 3s 
erably. the currency discrimination and counting method 
and apparatus of this invention is adapted to identify 
seven (7) different denominations of U.S. currency, i.e., 
$1 , $2. $5, $10, $20, $50 and $100. Accordingly, a mas- 
ter set of 28 different characteristic patterns is stored 40 
witiiin tiie system memory for sut)sequent correlation 
purposes. 

According to the correlation technique of this inven- 
tion, the pattern generated by scanning a bill under test 
and processing the sampled data is conpared with each 45 
of tiie 28 prestored characteristic patterns to generate, 
for each comparison, a correlation number representing 
the extent of similarity between correspondng ones of 
the plurality of data samples for the compared patterns. 
Denomination Identificatiori is based on designating the so 
scanned bill as belonging to the denomination corre- 
sponding to tiie stored characteristic pattern for which 
the correlation number resulting from pattern compari- 
son is determined to be the highest. The possibility of a 
scanned bill having its denomination mischaracterized ss 
following the comparison of characteristic patterns, is 
significantiy reduced by defining a bi-level threshold of 
correlation that must be satisfied for a "positive" call to 
be made. 



In essence, the present invention provides an 
improved optical sensing and correlation technique for 
positively identifying any of a plurality of different bill 
denominations regardless of whetiier the bill is scanned 
on its "top" or "bottom" face along either the 'Ibrward" or 
"reverse" directions. The invention is particularly 
adapted to be implemented with a system programmed 
to track each identified currency denomination so as to 
convenientiy present the aggregate total of bills that have 
been identified at the end of a scan run. 

Also in accordance with this invention, cunrency 
detecting arid couriting apparatus is disclosed which is 
particularly adapted for use with the novel sensing and 
correlation technique summarized above. The apparatus 
incorporates an abbreviated curved transport path for 
accepting cunrency bills that are to be counted and ti'ans- 
porting the bills about their nanrow dimension across a 
scanhead located downstream of the curved path and 
onto a conventional staddng station where sensed and 
counted bills are collected. The scanhead operates in 
conjunction with an optical encoder which is adapted to 
initiate the capture of a predefined number of reflectance 
data samples when a bill (arxl. tiius, the indicia or pattern 
printed thereupon) moves across a coherent strip of light 
focused downwardly of the scanhead. 

The scanhead uses 8in an-ay of photo diodes to focus 
a coherent light strip of predefined dimensions and hav- 
ing a normalized distribution of light intensity across the 
illuminated area. The photo diodes are angularly dis- 
posed and focus the desired strip of light onto the narrow 
dimension of a bill positioned flat across the scanning 
surface of the scanhead. A photo detector positioned 
above the illuminated stnp detects light reflected 
upwardly from the bill. The photo detector is controlled 
by the optical encoder to obtain the desired reflectance 
samples. 

Initiation of sampling is based upon the detection of 
tiie change in reflectance value that occurs when tiie 
outer border of the printed pattem on a bill is encoun- 
tered relative to tiie reflectance value obtained at the 
edge of tiie bill where no printed pattem exists. Accord- 
ing to a feature of this invention, illuminated strips of at 
least two different dimensions are used for the scanning 
process. A nanrow strip is used initially to detect the start- 
ing point of the printed pattem on a bill and is adapted 
to distinguish the thin borderline that typically marks the 
starting point of and encloses the printed pattem on a 
bill. For tiie rest of the narcw dimension scanning fbl- 
k)wing detection of the border line of tiie printed pattern, 
a substantially wider stnp of light is used to collect the 
predefined number of samples for a bill scan. The gen- 
eration and storage of characteristic patterns using "orig- 
inal" notes and the sut>sequent comparison and 
correlation procedure for classifying the scanned bill as 
belonging to one of several predefined currency denom- 
inations is t>ased on the above-described sensing and 
correlation technique. 
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Brief E)escriDtion Of The Drawings 

Other objects and advantages of the invention will 
become apparent upon reading the follcwing detailed 
description In conjunction with the drawings in which: 

FIG. 1 is a functional block diagram illustrating the 
conceptual basis for the optical sensing and con-e- 
lation method and apparatus, according to the sys- 
tem of this invention; 

FIG. 2 is a k)lock diagram illustrating a preferred cir- 
cuit arrangement for processing and correlating 
reflectance data according to the optical sensing 
and counting technique of this invention; 
FIGS. 3-8 are flow charts illustrating tiie sequence 
of operations involved in implementing the optical 
sensing and correlation technique; 
FIGS. 9A-G are graphical illustrations of represent- 
ative characteristic patterns generated by narrow 
dimension optical scanning of a cun^ency bill; 
FIGS. 10A-E are graphical illustrations of tiie effect 
produced on correlation pattern by using the pro- 
gressive shifting technique, according to an embod- 
iment of this invention; 

FIG. 1 1 is a perspective view showing currency dis- 
crimination and counting apparatus particularly 
adapted to and embodying the optical sensing and 
con-elation technique of this invention; 
FIG. 12 ^ a partial perspective view illustrating the 
mechanism used for separating cun-ency bills and 
injecting them in a sequential fashion into tiie trans- 
port path; 

FIG. 13 is a side view of the apparatus of FIG. 1 1 
illustrating the separation mechanism and the trans- 
port path; 

FIG. 14 Is a side view of the apiDaratus of FIG. 1 1 
illustrating details of the drive mechanism; 
FIG. 15 is a top view of tiie currency discriminating 
and counting apparatus shown in FIGS. 11-14; 
FIG. 16 is a sectional side view showing the angular 
disposition of the photo diodes within the scanhead ; 
FIG. 17 is an illustration of the light distrftxition pro- 
duced about tiie optical scanhead; and 
FIG. 18 is a top view illustration of the optical mask 
used to generate the scan strips of different dimen- 
sions. 

While the invention is susceptible to various modifi- 
cations and alternative forms, specific embodiments 
thereof have been shown by way of example in the draw- 
ings and will herein be described in detail. It should be 
understood, however, that it is not intended to limit the 
invention to the particular forms disclosed, but on the 
contrary, tiie intention is to cover all modifications, equiv- 
alents, and alternatives falling within the spirit and scope 
of the invention as defined tiy the appertded claims. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring now to FIG. 1. there is shown a functional 

5 block diagram illustrating the optical sensing and conge- 
lation system according to this invention. The system 10 
includes a bill acc^'ng station 12 where stacks of cur- 
rency bills tiiat need to be identified and counted are 
positioned. Accepted bills are acted upon by a bill sepa- 

10 rating station 1 4 which functions to pick out or separate 
one bill at a time for being sequentially relayed by a bill 
transport mechanism 16. according to a precisely pre- 
determined transport path, across an optical scanhead 
18 where the currency denomination of the bill is 

IS scanned, identified and counted. The scanned bill is ttien 
transported to a bill stacking station 20 where bills so 
processed are stacked for subsequent renxival. 

The optical scanhead 1 8 comprises at least one light 
source 22 directing a beam of coherent light downwardly 

20 onto tiie bill transport path so as to illuminate a substan- 
tially rectangular light strip 24 upon a currency bill 17 
positioned on the transport path t)elow the scanhead 1 8. 
Light reflected off the illuminated strip 24 is sensed by a 
photodetector 26 positioned directly above the strip. The 

25 analog output of photodetector 26 is converted into adig- 
ital signal by means of an analog-to-digital (ADC) con- 
verter unit 28 whose output is fed as a digital input to a 
central processing unit (CPU) 30. 

According to a feature of this invention, the tMll trans- 

30 port path is defined in such a way tiiat tiie transport 
mechanism 16 moves currency bills with the narrow 
dimension "W" of the bills being parallel to the transport 
path and the scan direction. TTius. as a bill 1 7 moves on 
the transport path on tiie scanhead 1 8, tiie coherent light 

35 strip 24 effectively scans the bill across tiie narrow 
dimension "W" of tiie bill. Preferably, tiie transport path 
is so arranged tiiat a currency bill 1 7 is scanned approx- 
imately about the ce^n^ section of the t)ill along its nar- 
row dimensk)n, as b&aX shown in FIG. 1 . 

40 The scanhead 18 functions to detect light r^lected 
from the bill as it moves aaoss the illunrtinated light strip 
24 and to provide an analog representation of tiie varia- 
tion in light so reflected whk:h, in turn, represents the var- 
iation in the IsladC and 'Vrhite" content of the printed 

45 pattern or indicia on the surface of the bill. This variation 
in light reflected from the narrow dimension scanning of 
the bills serves as a measure (or distinguishing, with a 
high degree of confidence, among a plurality of currency 
denominations which the system of this invention is pro- 

50 grammed to handle. 

A series of such detected reflectance signals are 
obtained across the nanrow dimension of tiie bill, or 
aaoss a selected segment tiiereof. and the resulting 
analog signals are digitized under control of the CPU 30 

55 to yield a fixed number of digital reflectance data sam- 
ples. The data sarrples are then subjected to a digitizing 
process which includes a normalizing routine for 
processing the sampled data for improved correlation 
and for smoothing out variations due to "contrast" f luctu- 
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ations in the printed pattern existing on the bill surfece. 
The normalized reflectance data so digitized represents 
a characteristic pattern that is fairly unique for a given bill 
denomination and provides sufficient distinguishing fea- 
tures between characteristic patterns for different cur- 5 
rency denominations, as will be explained in detail below. 

In order to ensure strict correspondence between 
reflectance sanples obtained by narrow dimension 
scanning of successive bills, the initiation of the reflect- 
ance sampling process is preferably controlled through 10 
the CPU 30 by means of an optical encoder 32 which is 
linked to the bill transport mechanism 16 and precisely 
tracks the physical movement of the bill 17 across the 
scanhead 18. More specifically, the optical encoder 32 
is linked to the rotary motion of the drive motor which is 
generates the movement imparted to the bill as it is 
relayed along the transport path. In addition, it is ensured 
that positive contact is maintained between the bill and 
the transport path, particularly when the bill is being 
scanned by the scanhead 18. Under these conditions, 20 
the optica) encoder is capable of precisely tracking the 
movement of the bill relative to the light ^ip generated 
by the scanhead by monitoring the rotary motion of the 
drive motor. 

The output of photodetector 26 is monitored by the 25 
CPU 30 to initially detect the presence of the bill under- 
neath the scanhead and. subsequently, to detect the 
starting point of the printed pattern on the bill, as repre- 
sented by the thin borderline 17A which typically 
encloses the printed indicia 01 currency bills. Once the so 
t)orderlin6 17A has been detected, the optical encode 
is used to control the timing and number of reflectance 
samples that are obtained from the output of the photo- 
detector 26 as the bill 1 7 nrxTves across the scanhead 1 8 
and is scanned along its narrow dimension. 3S 

The detection of the borderline constitutes an impor- 
tant step and realizes improved discrimination efficiency 
since the borderline serves as an absolute reference 
point for Initiation of sampling. If the edge of a bill were 
to be used as a reference point, relative displacement of 40 
sampling points can occur because of the random man- 
ner in which the distance from the edge to the borderline 
varies from bill to bill due to the relatively large range of 
tolerances permitted during printing and cutting of cur- 
rency bills. As a result it becomes difficult to establish 45 
direct con^espondence between sample points in suc- 
cessive bill scans and ttie discrimination efficiency is 
adversely affected. 

The use of the optical encoder for controlling the 
sanrv>ling process relative to the physical movement of a so 
bill across the scanhead is also advantageous In that the 
encoder can be used to provide a predetermined delay 
foltowing detection of the t>ordertine pnor to initiation of 
sanples. The encoder delay can k>e adjusted in such a 
way that the bill is scanned only across tiiose segments ss 
along its narrow dimension which contain the most dis- 
tinguishable printed indicia relative to the different cur- 
rency denominations. 
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In the case of U.S. currency, for instance, it has been 
determined that the central, approximately two-inch por- 
tion of currency bills, as scanned across the central sec- 
tion of the nan^owdimension of the bill, provides sufficient 
data for distinguishing between the various U.S. currency 
denominations on the basis of ttie correlation technk^e 
of tills invention. Accordingly, ttie optical encoder can be 
used to control ttie scanning process so that reflectance 
samples are taken for a set period of time and only after 
a certain period of time has elapsed since the borderline 
has been detected, thereby restricting tiie scanning to 
the desired central portion of ttie naaow dimension of 
ttie bill. 

The optical sensing and conrelation technique is 
based upon using ttie above process to generate a 
series of master characteristic patterns using "new" or 
"original" bills for each denomination of currency that is 
to be detected. According to a preferred errtxxjiment, 
four characteristic patterns are generated and stored 
within system memory, preferably in ttie form of an EEP- 
ROM 34 (see FIG. 1), for each detectable cunrency 
denomination. The characteristic patterns for each bill 
are generated corresponding, respectively, to optical 
scans, i.e., the process of obtaining the pre-determined 
number of reflectance samples, performed on the "top" 
and l£X)ttom" surfaces of tiie bill taken botti along ttie "^r- 
ward" and "reverse" directions relative to the pattern 
printed on the bill. 

In adapting the Invented technique to U.S. currency, 
for example, characteristic patterns are generated and 
stored for seven different denominations of U.S. cur- 
rency, i.e.. $1. $2. $5, $10. $20, $50 and $100. Accord- 
ingly, a master set of 28 different characteristic patterns 
is stored within the system memory for subsequent cor- 
relatk)n purposes. Once the master characteristic pat- 
terns have been stored, the pattern generated by 
scanning a bill under test is compared by the CPU 30 
witti each of ttie 28 pre-stored master characteristic pat- 
tems to genmte. for each comparison, a correlation 
number representing the extent of conrelation. i.e., simi- 
larity between corresponding ones of ttie plurality of data 
samples, for tiie pattems being compared. 

The CPU 30 is programmed to Identify the denomi- 
natk>n of the scanned bill as corresponding to the stored 
characteristic pattern for which the conrelation number 
resulting from pattern oorrparison is found to be the high- 
est. In order to preclude the possitnlity of mlscharacter- 
izing the denomination of a scanned bill, as well as to 
reduce the possibility of spurious notes being kjentified 
as k)elonging to a valid denomination, a bi-level tiireshoM 
of correlation is used as the basis for making a "positive" 
call, as will be explained in detail below. 

Using ttie above sensing and correlation approach, 
ttie CPU 30 is programmed to count the number of bills 
belonging to a particular cun-ency denomination as part 
of a given set of bills ttiat have been scanned for a given 
scan batch, and to determine ttie aggregate total of ttie 
currency amount represented by the bills scanned during 
a scan batch. The CPU 30 is also linked to an output unit 
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36 which is adapted to provide a display of the number 
of bills counted, the breakdown of the bills in terms of 
currency denomination, and the aggregate total the 
currency value represented by counted bills. The output 
unit 36 can also be ^apted to provide a print-out of the 5 
displayed information in a desired format. 

Referring now to FIG. 2 there is shown a represen- 
tation, in block diagram form, of a preferred drcuit 
arrangement for processing and correlating r^lectance 
data according to the system of this invention. As shown 10 
therein, the CPU 30 accepts and processes a variety of 
input signals including tiiose from the optical encoder 32, 
the photodetector 26 and a memory unit 38, which can 
be a static random access memory (RAM) or an erasable 
programmable read only memory (EPROM). The mem- is 
ory unit 38 has stored within it the congelation program 
on tiie basis of which patterns are generated and test 
patterns conpared witii stored master programs in order 
to identify the denomination of test currency A aystal 40 
serves as the time base for the CPU 30. which is also 20 
provided with an external reference voltage VpEp on the 
basis of which peak detection of sensed reflectance data 
is performed, as explained in detail below. 

The CPU 30 also accepts a timer reset signal from 
a reset unit 44 which, as shown in FIG. 2A, accepts the 2s 
output voltage from tiie photodetector 26 and compares 
it by means of a threshold detector 44A. relative to a 
preset voltage threshold, typically 5.0 voHs, to provide a 
reset signal which goes "high* when a reflectance value 
corresponding to the presence of paper is sensed. More 30 
spedficalty, reflectance sampling is based on the 
premise that no portion of the illuminated light strip (24 
In FIG. 1) is reflected to tiie photodetector in the absence 
of abill positioned belowthescanhead. Under these con- 
ditions, ttie output of the photodetector represents a 35 
"dark" or "zero" level reading. The photodetector output 
changes to a "white" reading, typically set to have a value 
of about 5.0 votts, when tiie ec^e of a bill first becomes 
positioned below the scanhead and falls under tiie light 
strip 24. When this occurs, the reset unit 44 provides a 40 
"high" signal to the CPU 30 and marks tiie initiation of 
the scanning procedure. 

In accordance witii a feature of this invention, the 
thickness of the illuminated strip of light produced by the 
tight sources witiiin the scanhead Is set to be relatively 4s 
small for the initial stage of tiie scan when tiie thin bor- 
derline is being detected. The use of the nan'ow slit 
increases tiie sensitivity with which tiie reflected light is 
detected and altows minute variations in the "gray" level 
reflected off tiie bill surface to be sensed. This is impor- so 
tant in ensuring that tiie ttiin bordertine of the pattem. 
i.e.. tiie starting point of tiie printed pattern on the bill, is 
accurately detected. Once the tx)rdertine has been 
detected, subsequent reflectance sampling is performed 
on the basis of a relatively wider light strip in order to ss 
completely scan across the narrow dimension of the bill 
and obtain the desired number of samples, at a rapid 
rata The use of a wider slit for the actual sanrpling also 
smootiiens out the output characteristics of the photode- 



tector and realizes tiie relatively large magnitude of ana- 
log voltage which is essential for accurate representation 
and processing of the detected reflectance values. 

Returning to FIG. 2, the CPU 30 processes the out- 
put of photodetector 26 through a peak detector 46 which 
essentially functions to sample tiie photodetector output 
voltage and hold the highest, i.e., peaK voltage value 
encountered after tiie detector has been enabled. The 
peak detector is also adapted to define a scaled voltage 
on the basis of which the pattern borderiine on bills is 
detected. The detector 46 includes an ADC 48 for digi- 
tizing tiie photodetector output and a digital-to-anafog 
converter (DAC) 50 for reconverting the signals to an 
analog form on tiie basis of tiie preselected reference 
voltage Vref t*^® voltage source 42. The output of 
DAC 50 is fed through an inverting anpiif ier 52 to a volt- 
age divider 54 which lowers tiie input voltage down to a 
scaled voltage Vs representing a predefined percentage 
of the peak value. The voltage is based upon the per- 
centage drop in output voltage of the peak detector as it 
reflects the transition from the "high" reflectance value 
resulting from tiie scanning of the unprinted edge por- 
tions of a currency bill to tiie relatively lower "gray" reflect- 
ance value resulting when the thin tx>rderiine is 
encountered. Preferably, tiie scaled voltage Vs is set to 
be about 70 - 80 percent of the peak voltage. 

The scaled voltage Vs is supplied to a line detector 
56 which is eUso provided with the incoming instantane- 
ous output of the photodetector 26. The line detector 56 
compares the two voltages at its input side and gener- 
ates a signal Lqet which normally stays low" and goes 
"high" when the edge of Uie bill is scanned. The signal 
l-OET '*low" when tiie incoming photodetector output 
reaches tiie pre-defined percentage of the peak photo- 
detector output up to tiiat point, as represented by tiie 
voltage Vs. Thus, when the signal Lqet "low", it is 
an indication tiiat the borderline of tiie bill pattern has 
been detected. At this point, ttie CPU 30 initiates tiie 
actual reflectance sampling under confrd of ttie encoder 
32 (see FIG. 2) and tiie desired fixed number of reflect- 
ance samples are obtained as the currency bill nrK)ves 
across ttie illuminated light strip and is scanned along 
ttie central section of its narrow dimer^ion. 

When master charactoistic patterns are being gen- 
erated, tiie reflectance samples resulting from the scan- 
ning of a "new" bill are loaded into corresponding 
designated sections within a system memory 60. which 
is preferably an EEPROM. The k^ading of samples is 
accomplished ttirough a buffered address latch 58. if 
necessary. Preferably, master patterns are generated by 
scanning a "new" bill a plurality of times, typically tiiree 
(3) times, and obtaining the average of corresponding 
data samples before storing the average as representing 
a master pattern. During cunrency discrimination, the 
reflectance values resulting from the scanning of a test 
bill are sequentially compared, under control of tiie cor- 
relation program stored witiiin the menrx)ry unit 38, witii 
each of the conresponding characteristic patterns stored 
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within the EEPROM 60, again through the address latch 
58. 

Referring now to FIGS. 3-7, there are shown flow 
charts illustrating the sequence of operations involved in 
implementing the above^escrlbed optical sensing and s 
correlation technique of this invention. FIG. 3, in partic- 
ular, illustrates the sequence involved in detecting the 
presence of a bill under the scanhead and the borderline 
on the bill. Thte section of the system program, desig- 
nated as TRIGGER", is initiated at step 70. At step 71 w 
a determination is made as to whether or not a start-of- 
note interrupt, which signifies that the system is ready to 
search for a presence of a bill, is set. i.e.. has occunred. 
If the answer at step 71 is found to be positive, step 72 
is reached wh^e the presence of the bill t>elow the scan- is 
head is ascertained on the basts of the reset procedure 
desaibed above in connection with the reset unit 44 of 
FIG. 2. 

If the answer at step 72 is found to be positive, i.e.. 
a bill is found to be present step 73 is reached where a 20 
test is performed to see if the tx)rderline has been 
detected on the basis of the reduction in peak value to a 
predefined percentage thereof, which, as described 
above, is Indicated by the signal Loet 9oing low." If the 
answer at step 73 is fourKi to be negative, the program 25 
continues to loop until the borderline has been detected. 
If the answer at step 72 is found to be negative, i.a. no 
bill Is found to be present, the start-of-note interrupt is 
reset at step 74 and the program returns from interrifrt 
at step 75. 30 

If the borderline Is found to have been detected at 
step 73. step 76 Is accessed where an A/D completion 
intenxipt is enat>led. thereby signifying that the analog- 
to-digital conversion can suk>sequent]y be performed at 
desired time intervals. Next, at step 77, the time when 35 
the first reflectance sample is to be obtained is defined, 
in conjunction with the output of the optical encoder. At 
step 78 the capture and digitization of the detected 
reflectance samples is undertaken by recalling a routine 
designated as "STARTA2D" which will be descrbed in 40 
detail below. At the completion of the digitization proc- 
ess, the end-of-note interrupt is enabled at step 79, 
which resets the system for sensing the presence of the 
follcfwing bill to be scanned. Subsequently, at step 80 the 
program returns from intenupt. If the start-of-note inter- 4S 
rupt Is not found to have occun-ed at step 71 . a determi- 
nation is made at step 81 to see if the end-of-note 
intenupt has occurred. If the answer at 81 Is negative, 
the program returns from interrupt at step 85. If a positive 
answer is obtained at 81 . step 83 is accessed where the so 
start-of-note interrupt is activated and, at step 84, the 
reset unit, which monitors the presence of a bill, is reset 
to be ready for determining the presence of bills. Subse- 
quently, the program returns from interrupt at step 85. 

Referring now to FIGS. 4A and 4B there are shown, ss 
respectively, routines for starting the STARTA2D routine 
and the digitizating routine itself. In FIG. 4A, the initiation 
of the STARTA2D routine at step 90 causes the sample 
pointer, which provides an indication of the sample being 



obtained and digitized at a given time, to be initialized. 
Subsequently, at step 91 . the particular channel on which 
the analog-to-digital conversion is to be performed is 
enabled. The interrupt authorizing the digitization of the 
first sample is enabled at step 92 and the main progrsim 
accessed again at step 93. 

FIG. 4B is a flow chart illustrating the sequential pro- 
cedure involved in the analog-to-digital conversion rou- 
tine, which is designated as "A2D". The routine is started 
at step 100. Next, the sample pointer is deaemented at 
step 101 so as to maintain an indication of the number 
of samples remaining to be obtained. At step 102, the 
digital data corresponding to the output of the photode- 
tector for the current sample is read. The data is con- 
verted to its final form at step 103 and stored within a 
pre-defined memory segment as Xin. 

Next, at step 105, a check is made to see if the 
desired fixed number of samples "N" has been taken. If 
the answer is found to be negative, step 1 06 is accessed 
where the interrupt authorizing the digitization of the suc- 
ceeding sanrple is enabled and the program retums from 
interrupt at step 107 for completing the rest of the digi- 
tizing process. However. If the answer at step 105 is 
found to be positive, i.e.. the desired number of samples 
have already been ot^tained, a flag indicating the same 
Is set at step 1 08 and the program returns from interrupt 
at step 109. 

Referring now to FIG. 5, there is shown the sequen- 
tial procedure involved In executing the routine, desig- 
nated as "EXEC", which performs the mathematical 
steps involved in the correlation process. The routine is 
started at step 110. At step 111, all interrupts are disa- 
bled while CPU Initialization occurs. At step 112. any 
constants associated with the sampling process are set 
and, at step 113, communications protocols, if any. for 
exchange of processed data and associated results, bad 
rates, intermpt masks, etc. are defined. 

At step 1 1 4. the reset unit indicating the presence of 
a bill is reset for detecting the presence of the first bill to 
be scanned. At step 115. the start-of-note interrupt is 
enabled to put the system on tine look out for the first 
incoming bill. Subsequently, at step 1 1 6, all other related 
intenrupts are also enabled since, at this point the initial- 
ization process has been completed and flie system is 
ready to begin scanning bills. A check Is made at step 
1 17 to see if. in fact, all the desired number of samples 
have been obtained. If the answer at step 1 1 7 is found 
to be negative the program loops until a positive answer 
is obtained. At that time, step 1 18 is accessed where a 
flag is set to indicate the initiation of ttie conrelation pro- 
cedure. 

In accordance witii this invention, a simple conrela- 
tion procedure is utilized for processing digitized reflect- 
ance values into a form which is convenientiy and 
accurately compared to corresponding values pre- 
stored in a identical format. More specifically, as a first 
step, tiie mean value X for the set of digitized reflectance 
samples (comparing "n" samples) obtained for a bill scan 
run is first obtained as below: 
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Subsequently, a normalizing factor Sigma "a** is 
determined as being equivalent to the sum of the square 
of the difference between each sanple and the mean, s 
as normalized by the total number of sanrples. More spe- 
cifrcally. the normalizing factor is calculated as below: 

In the final step, each reflectance sample is nor- 
malized by obtaining the difference between the sample 
and the above-calculated mean value and dividing tt by 
the square root of the normalizing factor Sigma V as 
defined by the following equation: is 



The result of using the above correlation equa- 
tions is that subsequent to the normalizing process, a 20 
relationship of correlation exists between a test pattern 
and a master pattem such that the aggregate sum of the 
products of corresponding samples in a test pattem and 
any master pattem, when divided by the total nunber of 
samples, equals unity if the patterns are identical. Oth- 25 
enwise, a value less than unity is obtained. Accordingly, 
the correlation number or factor resulting from the com- 
parison of normalized samples within a test pattern to 
those of a stored master pattem provides a dear indica- 
tion of the degree of similarity or correlation between the 30 
two patterns. 

According to a preferred embodiment of this inven- 
tion, the fixed number of reflectance samples which are 
digitized and normalized for a bill scan is selected to be 
64. It has experimentally been found that the use of 35 
higher binary orders of samples (such as 128. 256. etc.) 
does not provide a correspondingly increased discrimi- 
nation 6ffiderx:y relative to the increased processing 
time involved in implementing the above-described cor- 
relation procedure. It has also been found that the use 
of a binary order of samples lower than 64, such as 32, 
produces a sut>stantial drop in discrimination efficiency. 

The correlation factor can be represented conven- 
iently in binary temis for ease of congelation. In a pre- 
ferred embodiment, for instance, the fector of unity which 
results when hundred percent con-elation exists is rep- 
resented in terms of the binary nurTt)er 2^ 0 which is equal 
to a decimal value of 1024. Using the above procedure, 
the normalized samples within a test pattem are conv 
pared to each of the 28 master characteristic patterns 
stored within the system memory in order to determine 
tiie particular stored pattern to which the test patten 
most corresponds by identifying tiie corrparison which 
yields a correlation number closest to 1024. 

According to a feature of thte invention, a bi-level 
threshold of correlation is required to be satisfied before 
a particular call is made. More specifically, the correlation 
procedure is adapted to identify ttie two highest correla- 
tion numbers resulting from the comparison of the test 



pattern to one of the stored patterns. At that point, a min- 
imum threshold of correlation is required to be satisfied 
by these two correlation numbers. It has experimentally 
been found that a correlation nun^er of about 800 
serves as a good cut-off threshold above which positive 
calls may be made with a high degree of confidence and 
below which the designation of a test pattern as corre- 
sponding to any of the stored patterns is uncertain. As a 
second tiiresholding level, a minimum separation is pre- 
scribed between the two highest correlation numbers 
before making a call. This ensures that a positive call is 
made only when a test pattern does not con'espond. 
witiiin a given range of correlation, to more than one 
stored master pattem. Preferably, the minimum separa- 
tion between correlation numbers is set to be between 
100-150. 

Returning now to FIG. 5. the correlation procedure 
is initiated at step 119 where a routine designated as 
"PROCESS" is accessed. The procedure involved in 
executing tiiis routine is illustrated at FIG. 6A which 
shows ttie routine starting at step 130. At step 131 . tiie 
mean X is calculated on the basis of Equation (1 ). At stq3 
132 tiie sum of the squares is calculated in accordance 
witii Equation (2). At step 1 33, tiie (figitized values of the 
reflectance sarrples, as represented In integer format, 
are converted to floating point format for furtiier process- 
ing. At step 134. a check is made to see if all samples 
have been processed and if the answer is found to be 
positive, the routine ends at step 135 and the main pro- 
gram is accessed again. If the answer at step 134 is 
found to be negative, tiie routine returns to step 132 
where the above calculations are repeated. 

At the end of the routine PROCESS, the program 
returns to the routine EXEC at step 120 where the flag 
indicating tiiat all digitized reflectance samples have 
been processed is reset Subsequentiy, at step 121, a 
routine designated as "SIGCAL" is accessed. The pro- 
cedure ini«A>lved in executing this routine is illustrated at 
FIG. 6& which shows tiie routine starting at step 1 40. At 
step 1 41 , the square root of the sum of the squares, as 
calculated by ttie routine PROCESS, is cateulated in 
accordance witti Equation (2). At step 142. ttie ftoating 
point values calculated by ttie routine PROCESS are 
normalized in accordance with Equation (3) using the 
calculated values at step 141. At step 143. a check is 
made to see if all digital samples have been processed. 
If ttie answer at step 1 43 is found to be negative, ttie pro- 
gram returns to step 1 42 and the conversion is continued 
until all samples have been processed. At that point ttie 
answer at step 143 is positive and ttie routine returns to 
ttie main program at step 144. 

Returning to ttie flow chart of FIG. 5, ttie next step 
to be executed is step 122 where a routine designated 
as "CORREL" is accessed. The procedure involved in 
executing ttiis routine is illustrated at FIG. 7 whteh shows 
ttie routine starting at 150. At step 151, correlation 
results are initialized to zero and, at step 152. the test 
pattern compared to the first one of the stored master 
patterns. At step 153, ttie first call corresponding to ttie 
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highest corretation number obtained up to that point is 
determined. At step 154. the second call corresponding 
to the second highest correlation number obtained up to 
that point is determined. At step 1 55. a check is made to 
see if the test pattern has been conrpared to all master 5 
patterns. If the answer is found to be negative, the routine 
reverts to step 152 where the comparison procedure is 
reiterated. When all master patterns have been conv 
pared to the test pattern, step 1 55 yields a positive result 
and the routine returns to the main program at step 156. w 

Returning again to FIG. 5, at step 123, a flag Indi- 
cating that the correlation procedure has been com- 
pleted is reset and step 1 24 is accessed where a routine 
designated as "SEROITT is initiated. It should be noted 
that steps 1 1 8 and 123, which are directed to the setting is 
and resetting of the flag TP2. primarily function to provide 
a measure of the processing time involved in the overall 
conrelation procedure. These steps can be dispensed 
with, tf processing time is not being monitored. The pro- 
cedure involved in executing tiie routine SEROUT is illus- 20 
trated at FIG. 8 which shows the routine as starting at 
step 1 60. At step 1 61 , the currency denomination corre- 
sponding to thefirst call is converted to ASCII format and 
displayed. At step 162, tiie correlation number corre- 
sponding to the f irst call is converted to ASCII format and 25 
displayed. 

At step 1 63, tiie cun-ency denomination correspond- 
ing to the second call Is converted to ASCII format and 
displayed. At step 164, the correlation number corre- 
sponding to tiie second call is converted to ASCII format 30 
and displayed. Subsequentiy. tiie routine returns to tiie 
main program. At this point in the main program, the cor- 
relation procedure is completed and any related counting 
of identified denominations may be executed with the 
associated results also being ctisplayed along with the 35 
conresponding calls and correlation numbers. After this 
correlation and cfisplay procedure is completed, the sys- 
tem is ready for i nitiating the proc^ of scanning the next 
incoming currency bill. 

It should be noted that, in implementing tiie optical 40 
sensing and congelation technique of this invention, sep- 
arate microprocessor units may be provided for (i) 
accomplishing tiie sampling and correlation process and 
(ii) for controlling tiie general functions of tiie overall sys- 
tem. In such an implementation, the general processor 45 
unit would preferably be used for displaying tiie identified 
denominations and any associated aounting results. 
Wrtti tills approach, the routine SEROUT (FIG. 8) would 
merely involve tiie transmission of the bill denomination 
and call infbnrmtion from the sampling and con-elation so 
processor unit to the general processor unit for sut>se- 
quent cfisplay. 

Referring now to FIGS. 9A-C there are shown three 
test patterns generated, respectively, for the forward 
scanning of a $1 t)ill along its top face, the reverse scan- ss 
ning of a $2 bill on its top face, and the fonvard scanning 
of a $100 bill about its top face. It should be noted that, 
for purposes of clarity the test patterns in FIGS. 9A-C 
were generated by using 128 reflectance samples per 



bill scan, as opposed to tiie preferred use of only 64 sam- 
ples. The marked difference existing between corre- 
sponding samples for tiiese tiiree test patterns is 
indicative of the high degree of confidence with which 
currency denominations may be called using tiie forego- 
ing optical sensing and correlation procedure. 

The optical sensing and correlation technique 
described above permits identifk^ation of pre-pro- 
grammed currency denominations witii a high degree of 
accuracy and is based upon a relatively low processing 
time for digitizing sampled reflectance values and com- 
paring them to the master characteristic patterns. The 
approach is used to scan currency bills, normalize the 
scanned data and generate master patterns in such a 
way that bill scans during operation have a direct conre- 
spondence b^een compared sample points in portions 
of tiie bills which possess tiie most distinguishable 
printed indicia. A relatively ksw number of reflectance 
samples is required in order to be able to adequately dis- 
tinguish between several cun^ency denoniinations. 

A major advantage witii this approach is tiiat it is not 
required ttiat cun^ency bills be scanned along their wkje 
dimensions. Conventional systems have been forced to 
adopt the wide dimensk>n scanning approach in order to 
obtain tiie larger number of samples typically required 
for accurate denomination discrimination. Further, the 
reduction in the number of samples reduces the process- 
ing time to such an extent that additional comparisons 
can be made during tiie time available between the scan- 
ning of successive bills. More specifically, as descn^bed 
above, it becomes possitDie to compare a test pattern 
with at least four stored master characteristic patterns so 
that the system is made capak)le of identifying currency 
whk^h is scanned in the *1onvard" or "reverse" directions 
along the "top" or lx3ttom" surfaces of bills. 

Another advantage accruing from tiie reduction in 
processing time realized by tiie present sensing and cor- 
relation scheme is ttiat the response time involved in 
eittier stopping the transport of a bill that has been klen- 
tif ied as "spunous". i.e., not corresponding to any of tiie 
stored master characteristic patterns, or diverting such 
a bill to a separate stacker bin, is con-espondingly short- 
ened. Accordingly, the system can oonvenientiy be pro- 
grammed to set a flag when a scanned pattern does not 
correspond to any of the master patterns. The kJentif ica- 
tion of such a condition can be used to stop the drive bill 
transport motor for the mechanism. Since tiie optical 
encoder is tied to the rotational movement of the drive 
nrx)tor. synchronism can be maintained between pre- and 
post-stop conditions. In the dual-processor irrplementa- 
tion discussed above, the information concerning tiie 
klentif k^ation of a "spurious" bill woukJ be included in the 
information relayed to the general processor unit which, 
in turn, would control tiie drive nxstor appropriately. 

The correlation procedure and the accuracy with 
which a denomination is kientrfied directiy relates to the 
degree of correspondence between reflectance sanrples 
on the test pattern and corresponding samples on the 
stored master patterns. Thus, shrinkage of "used" bills 
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which, in turn, causes a con'esponding reduction in their 
narrow dimension, can possibly produce a drop in the 
degree of correlation between such used bills of a given 
denomination and the corresponding master patterns. 
Currency bills which have experienced a high degree of 
usage exSMX such a reduction in both the narrow and 
wide dimensions of the bills. While the sensing and cor- 
relation technique of this invention remains relatively 
independent of any changes in the wide dimension of 
bills, reduction alOTg the narrow dimension can affect 
correlation factors by realizing a relative displacement of 
reflectance samples obtained as the "shrunk" bills are 
transported across the scanhead. 

In order to accomnxxiate or nullify the effect of such 
narrow dimension shrinking, tiie above-described corre- 
lation technique can be modified by use of a progressive 
shifting approach whereby a test pattern which does not 
correspond to any of the master patterns is partitioned 
into predefined sections, and samples in successive sec- 
tions are progressively shifted and compared again to 
the stored patterns in order to kientify the denomination. 
It has experimentally been determined that such pro- 
gressive shifting effectively counteracts any sample dis- 
placement resulting from shrinkage of a bill along its 
narrow dimension. 

The progressive shifting effect is best illustrated by 
the correlatkMi patterns shown in FIGS. 10A-D. For pur- 
poses of clarity, the illustrated pattems were generated 
using 1 28 sanples for each bill scan as compared to the 
preferred use of 64 samples. FIG. 1 0A shows ttie oon-e- 
lation between a test pattem (represented by a heavy 
line) and a corresponding master pattern (represented 
by a thin line). It is dear from FIG. 10A that tiie degree 
of conrelation between the two pattems is relatively low 
and exhibits a correlatk)n factor of 606. 

The manner in which the correlation between tiiese 
pattems Is increased by employing progressive shifting 
is best illustrated by consklering the congelation at tiie 
reference points designated as A-E along tiie axis defin- 
ing ttie number of samples. The effect on con-elation pro- 
duced by "single" progressive shifting is shown in FIG. 
10B which shows "single" shifting of the test pattem of 
FIG. 1 0A. Thte is affected by dividi ng the test pattern into 
two equal segments each comprising 64 sanrples. The 
first segment is retained without any shift, whereas the 
second segment is shifted by a factor of one data sample. 
Under these conditions, it is found that the correlation 
fector at the reference points located in the shifted sec- 
tion, particulariy at point E, is improved. 

FIG. lOCshowsttieeffectproducedby "double" pro- 
gressive shifting whereby sections of the test pattern are 
shifted in three stages. This is accomplished by dividing 
the overall pattern into three approximately equal sized 
sections. Section one is not shifted, section two is shifted 
by one data sample (as in FIG. 10B), and section three 
is shitted by a factor of two data samples. With "dout)le" 
shifting, it can be seen that the correlation factor at point 
E is further inaeased. 



On a similar t>asis, FIG. 1 0D shows the effect on cor- 
relation produced by triple" progressive shifting where 
tiie overall pattern is first divkied into four (4) approxi- 
mately equal sized sections. Subsequentiy, section one 

5 is retained without any shift, section two is shifted by one 
data sample, section three is shifted by two data sam- 
ples, and section four is shifted by three data sanrples. 
Under these conditions, the correlation factor at point E 
is seen to have increased again. 

10 FIG. 10E shows tiie effect on correlation produced 
by "quadruple" shifting, where the pattern is first divkied 
into five (5) approximately equal sized sections. The first 
four (4) sections are shifted in accordance with the "tri- 
ple" shifting approach of FIG. 1 0D, whereas the fifth see- 
rs tion is shifted by a factor of four (4) data sanrples. From 
FIG. 10E it is clear that ttie correlation at point E is 
increased alnx>st to the point of superimposition of the 
compared data samples. 

The advantage of using the progressive shifting 

20 approach, as opposed to merely shifting by a set anrK>unt 
of data samples across the overall test pattem, fs that 
the improvement in corelation achieved in the initial sec- 
tions of the pattern as a resuft of shifting is not neutralized 
or offset by any sut)sequent shifts in the test pattem. It 

25 is apparent from tiie above figures ttiat tiie degree of cor- 
relation for sample points tailing within the progressively 
shifted sections increases correspondingly 

More importantty, tiie progressive shifting realizes 
substantial increases in the overall correlation factor 

30 resulting from pattern comparison. For Instance, the orig- 
inal correlation factor of 606 (FIG. 10A) is inaeased to 
681 byttie "single" shifting shown in FIG. 10B. The "dou- 
ble" shifting shown in FIG. 1 0C Increases the correlation 
numberto 793, the triple" shifting of FIG. 10D inaeases 

35 tiie correlation number to 906. and, finally, the "quadru- 
ple" shifting shown in FIG. 10E increases the overall cor- 
relation number to 960. Using the above approach, it has 
t>een determined that used currency bills which exhibit 
a high degree of narrow cfimension shrinkage and which 

40 cannot be accurately identified as t»elonging to the cor- 
rect currency denomination when tiie correlation is per- 
formed wHhout any shifting, can be kjentif led with a high 
degree of certainty by using progressive shifting 
approach, preferat)ly by adopting "triple" or "quadruple" 

45 shifting. 

Referring now to FIG. 1 1 , there is shown apparatus 
210 for cun'ency discrimination and counting which 
embodies the principles of the present invention. The 
apparati^ comprises a housing 212 which includes left 

50 and right hand sklewalte 214 and 216. respectively, a 
rear wall 21 8. arxJ a top suriace generally designated as 
220. The apparatus has a front section 222 which com- 
prises a generally vertical forward section 224 arxl a for- 
ward sloping section 225 which includes skle sections 

55 provkied with control panels 226A and 226B upon which 
various control switches for operating the apparatus, as 
well as associated display means, are mounted. 

For accepting a stack of currency bills 228 which 
have to be discriminated according to denomination, an 
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input bin 227 is defined on the top surface 220 by a down- 
wardly sloping support surface 229 on which are pro- 
vided a pair of vertically disposed side walls 230. 232 
linked together by a vertically disposed front wall 234. 
The walls 230, 232 arKi 234, In combination with the slop- 5 
ing surface 229, d^ine an enclosure where the stack of 
currency bills 228 is positioned. 

From the input bin, currency bills are nxved along a 
tri-sectionaf transport path which includes an input path 
where bills are rrKJved along a first direction in a sut)stan- 
tially flat position, a curved guideway where bills are 
accepted from ttie input patii and guided in such a way 
as to change the direction of travel to a second different 
direction, and an output patii where the bills are moved 
in a flat position along the second differerrt direction 
across cun^ency discrimination means located down- 
stream of the curved guideway. as will be descnlsed in 
detail below. In accordance with the improved optical 
senang and correlation technique of this invention, the 
transport path is d^ined in such a way tiiat currency bills 
are accepted, trar^sported abng the input path, the 
curved guideway, and the output path, and stacked with 
the narrow dimension "W" of the bills beng maintained 
parallel to the transport path and the direction of nxive- 
ment at all times. 

The fonward sk)ping section 225 of the document 
handling apparatus 210 includes a platform surface 235 
centrally disposed between the side walls 214, 216 and 
is adapted to accept currency bills which have been proc- 
essed through the currency discrimination means for 
being delivered to a stacker plate 242 where tiie proc- 
essed bills are stacked for 8ut>sequent renrKival. More 
specifically, tiie platform 235 includes an associated 
angular surface 236 and is provided witii openings 237. 
237A from which flexible blades 238A. 240A of a corre- 
sponding pair of stacker wtieels 238. 240. respectively, 
extend outwardly. The stacker wheels are supported for 
rotational movement about a stacker shaft 241 disposed 
about the angular surface 236 and suspended aaoss the 
side walls 214 and 216. The flexible blades 238A. 240A 
of tiie stacker wheels cooperate with tiie stacker platform 
235 arxj the openings 237, 237A to pick up currency bills 
delivered thereta The blades operate to subsequently 
deliver such bills to a stacker plate 242 which is linked to 
the angular surface 236 and which also accommodates 
the stacker wheel openings and tiie wheels projecting 
tho-efrom. During operation, a currency bill which Is 
delivered to the stacker platform 235 is picked up by the 
flexible blades and becomes lodged between a pair of 
adjacent blades which, in combination, define a curved 
enclosure which decelerates a bill entering therein and 
senses as a means for supporting and transferring the 
bill from tiie stacker platform 235 onto the stacker plate 
242 as the stacker wheels rotate. The mechanical con- 
figuration of the stacker wheels and the flexible blades 
provided thereupon, as well as the manner in which they 
cooperate with ttie stacker platform and the stacker plate, 
is conventional and, accordingly, is not described in 
detail herein. 



The bill handling and counting apparatus 21 0 is pro- 
vided with means for picking up or "stripping" currency 
bills, one at a time, from bills ttiat are stacked in the input 
bin 227. in order to provide ttiis sti'ipping action, a feed 
roller 246 is rotationally suspended about a drive shaft 
247 which, in tum. is supported across the side walls 
21 4. 21 6. The feed roller 246 projects through a slot pro- 
vided on ttie downwardly sloping surface 229 of the input 
bin 227 which d^ines the input path and is in the form 
of an eccenti-ic roller at least a part of tiie periphery of 
which is provided witti a relatively fiigh friction-bearing 
surface 246A. The surface 246A is adapted to engage 
ttie bottom bill of the bill stack 228 as the roller 246 
rotates; this initiates tiie advancement of the bottom bill 
along the feed direction represented by ttie arrow 247B 
(see FIG. 13). The eccentric surface of the feed roller 
246 essentially "jogs" tiie bill stack once per revolution 
so as to agitate and loosen the bottom currency bill within 
tiie stacK thereby facilitating the advancement of ttie bot- 
tom bill along the feed direction. 

The action of the feed roller 246 is supplemented t}y 
the provision of a capstan or drum 248 which is sus- 
pended for rotational movement about a capstan drive 
shaft 249 which, in tum, is supported across the side 
walls 214 and 216. Preferably, ttie capstan 248 com- 
prises a centrally disposed friction roller 248A having a 
smooth surface and formed of a friction-bearing material 
such as rubber or hard plastic The friction roller is sand- 
wiched between a pair of capstan rollers 248B and 248C 
at least a part of tiie external periphery of which are pro- 
vided with a high friction-bearing surface 248D. 

The friction surface 248D is akin to the frk:tion sur- 
face 246A provided on ttie feed roller and permits ttie 
capstan rollers to frictionally advance the bottom bill 
along the feed direction. Preferably, tiie rotational move- 
ment of ttie capstan 248 and ttie feed roller 246 is syn- 
chronized in such a way that ttie frictional surfeces 
provided on tiie peripheries of the capstan and the feed 
roller rotate in unison, tiiereby inducing complimentary 
frictional contact witti the bottom bill of ttie bill stack 228. 

In order to ensure active contact between the cap- 
stan 248 and a currency bill which is jogged t>y tiie feed 
roller 246 and is in ttie process of being advanced picker 
rollers 252A. 252B, are provided for exerting a consistent 
downward force onto tiie leading edges of the currency 
bills stationed in ttie input bin 227. The picker rollers are 
supported on corresponcfing picker arms 254A. 254B 
which, in tum, are supported for arcuate movement 
about a support shaft 256 suspended aaoss tiie side 
walls of the apparatus. The picker rollers are free wheel- 
ing about the ptoker arms and when there are no cur- 
rency bills in contact witti ttie capstan 248. bear down 
upon ttie friction roller 248A and. accordingly, are 
induced into counter-rotation tiierewrtti. However, when 
currency bills are present and are in contact witii the cap- 
stan 248, the picker rollers bear down into contact witti 
tiie leading edges of ttie currency bills and exert a direct 
downward force on the bills since the rotational move- 
ment of rollers is inhibited. The result is that the advanc- 



15 



20 



25 



30 



35 



40 



45 



50 



11 



21 



EP 0 706 156 A2 



22 



ing action brought about by contact between the friction- 
bearing surfaces 248D on the capstan rollers 248B, 
2480 is accentuated, thereby facilitating the stripping 
away of a single cun-ency bill at a time from the bill stack 
228. 

In between the picker arms 254A, 254B, the support 
shaft 256 also sif)ports a separator arm 260 which car- 
ries at its end remote from the shaft a stationary stripper 
shoe 258 which is provided with a f rictional surface which 
inparts a frictional drag upon bills onto which the picker 
rollers bear down. The separat(»' arm is mounted for 
arcuate nx>vement about the support shaft 256 and is 
spring loaded in such a way as to bear down with a 
selected amount of force onto the capstan. 

In operation, the picker rollers rotate with the rota- 
tional movement of the friction roller 248A due to their 
free wheeling nature until the leading edges of one or 
more cun'&icy bills are encountered. At that point, the 
rotational movement of the picker rollers stops and the 
leading edges of the bills are forced into positive contact 
with the friction bearing surfaces on the periphery of the 
capstan rollers. The effect is to force the bottom bill away 
from the rest of the bills along the direction of rotation of 
the capstan. At the same time, the separator shoe 258 
also bears down on any of the bills that are propelled 
forward by the capstan rollers. 

The tension on the picker arm 254A is selected to 
be such that the downward force exerted upon such a 
propelled bill alk>ws only a single bill to move fonward. If 
two or more bills happen to be propelled out of the con- 
tact established between the picker rollers and the cap- 
stan rollers, the downward force exerted by the spring 
loaded shoe should be sufficient to inhibit further forward 
movement of the bills. The tension urxjer which the 
picker arm is spring loaded can be convenientiy adjusted 
to control the downward bearing force exerted by the 
shoe in such a way as to compliment the bill stripping 
action produced by the pk:ker rollers and the capstan roll- 
ers. Thus, the poss3)ilrty that wore than two bills may be 
propelled fbnfvard at the same time due to the rotational 
movement of the capstan is significantly reduced. 

The bill transport path includes a curved guideway 
270 provided in front of the capstan 248 for accepting 
currency bills that have been propelled fonvard along the 
input path defined by the fbnvard section of the sloping 
surface 229 into frictional contact with the rotating cap- 
stan. The guideway 270 includes a curved section 272 
which corresponds substantially to the curved periphery 
of the capstan 248 so as to compliment the impetus pro- 
vided by the capstan rollers 248B. 248C to a stripped 
cun-ency bill. 

A pair of idler rollers 262A, 262B is provided down- 
stream of the picker rollers for guiding bills propelled by 
the capstan 248 into tiie curved guideway 270. More spe- 
cifrcaily. the idler rollers are mounted on corresponding 
idler arms 264A. 264B which are nK>unted for arcuate 
nwvement about an idler shaft 266 which, in turn, is sup- 
ported across the side walls of the apparatus. The idler 
arms are spring loaded on the idler shaft so that a 



selected downward force can be exerted through the 
idler rollers onto a stripped bill, thereby ensuring contin- 
ued contact between the bill and the capstan 248 until 
the bill is guided into the curved section 272 of the guide- 

5 way 270. 

Downstream of the curved section 272, the bill trans- 
port path has an output path for currency bills. The output 
path is provided in the form of a flat section 274 along 
which bills which have been guided along the curved 

10 guideway 270 by the idler rollers 262A. 262B are moved 
along a direction which is opposite to the direction ak)ng 
which bills are moved out erf the input bin. The movement 
of bills along the direction of rotation of the capstan, as 
induced by the picker rollers 252A, 252Band the capstan 

IS rollers 248B, 248C, and the guidance provided by tiie 
section 272 of the cun^ed guideway 270 changes the 
direction of nwvement of the currency bills from the initial 
movement along the sloping surface 229 of input bin 227 
(see arrow 247B In FIG. 13) to a direction along the flat 

20 section 274 of the output path, as best illustrated in FIG. 
13 by the arrow 272B. 

Thus, a cun-ency bill which is stripped from the bill 
stack in tiie input bin is initially awed along tiie input 
path under positive contact t^etween the picker rollers 

25 2S2A, 252B and the capstan rollers 248B. 248C. Subse- 
quentiy. tiie bill is guided through the curved guideway 
270 under positive contact witii tiie idler rollers 262A. 
262B onto the flat section 274 of the output path. 
In the output ^ atii. currency bills are positively 

30 guided along the flat section 274 by means of a transport 
roller arrangement which includes a plurality of axially 
spaced, positively driven transport rollers 282A. 284A, 
286A which are d'^posed on a transport shaft 287 sup- 
ported across the side walls of the apparatus. The flat 

35 section is provided with openings through which at least 
two of tiie transport rollers, specifically rollers 282A arxJ 
284A, project into counter-rotating contact witii corre- 
sponding freewheeling passive rollers 292A, 294A. The 
passive rollers are nrK)unted on a support shaft 295 sup- 

40 ported between the side walls of tiie apparatus bekiw the 
flat section 274 of tiie output path. The passive transport 
rollers 292A. 294A are spring-k>aded into counter-rotat- 
ing contact with the active transport rollers 282A. 284A. 
286A and the points of contact are made coplanar with 

45 the output patii so tiiat currency bills can be moved along 
the path in a flat manner under the positive contact of tiie 
opposingly disposed active and passive rollers. A similar 
set of active transport rollers 282B. 2d4B. 286B and 
opposing spring-loaded passive transport rollers 292B. 

50 294B are provided downstream of the first set of trans- 
pon rollers at a distance which is just short of the length 
of tiie narrow dimension of the currency bills that are to 
t>e discriminated. Furtiier. the distance between the idler 
rollers 262A. 262B and the first set of transport rollers is 

55 selected to be such tiiat a currency bill which is gukJed 
along the curved guideway 259 is pulled into contact 
between the first set of active and passive transport roll- 
ers just before the bill moves away from the positive con- 
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tact between the idler rollers 262A. 262B atKi the capstan 
248. 

The active transport rollers are driven at a speed 
substantially higher than that of the capstan rollers. 
Since the passive rollers are freewheeling and the active 
rollers are positively driven, the first set of transport roll- 
ers cause a bill tiiat comes in between the rollers along 
the flat section of the output path to be pulled into the nip 
formed between tiie active and passive rollers. The 
higher speed of the active transport rollers imparts an 
abrupt acceleration to the bill; this acceleration functions 
to separate or strip tiie bill away from any other bills that 
may have been guided into the curved guideway along 
witii the bill being acted upon by the transport rollers. 

Downstream of the first set of transport rollers, cur- 
rency bills are moved along tiie flat section into the nip 
formed between tiie second set of active and passive 
transport rollers, which are driven at the same speed as 
that of the first set of transport rollers. Preferably, the 
opposing sets of active transport rollers 282A-282B, 
284A-284B. and 286A-286B are linked togetiier by a belt 
290 so that the positive rotating action of the transport 
shaft 287 is imparted to the rollers carried on the second 
transport shaft 288. The disposition of the secorKi set of 
transport rollers is such that the positive contact exerted 
by the rollers on a currency bill moving along the output 
path occurs before the bill is released from tiie positive 
contact between the f nrst set of transport rollers. The sec- 
ond set of transport rollers, thus, positively guides a cur- 
rency bill onto the stacker platform 235 from where the 
stacker wheels 238. 240 pick up the bill and deposit it 
onto the stacker plate 242. 

Referring now in particular to FIGS. 14 and 15. there 
are shown side and top views, respectively, of the docu- 
ment processing apparatus of FIGS. 11-13, which illus- 
trate tiie mechanical arrangement for driving the various 
means for transporting cunrency bills along the three sec- 
tions of tiie transport psth, i.e., along tiie input path, the 
curved guideway and tiie output patii. As shown therein, 
a motor 300 is used to impart rotational movement to the 
capstan shaft 249 by nneans of a belt^lley arrangement 
comprising a pulley 310 provided on tiie capstan shaft 
249 and which is linked to a pulley 304 provided on the 
motor drive shaft through a belt 306. The diameter of the 
driver pulley 310 is selected to t>e appropriately larger 
than that of the motor pulley 304 in order to achieve the 
desired speed reduction from the typically high speed at 
which tiie motor 300 operates. 

The drive shaft 247 for tiie drive roller 246 is provided 
witii rotary motion by means of a pulley 308 provided 
thereupon which is linked to a corresponding pulley 310 
provided on the capstan shaft 249 through a belt 312. 
The pulleys 308 and 310 are of the same diameter so 
that the drive roller shaft 247 and, hence, the drive roller 
246, rotate in unison witii the capstan 248 mounted on 
the capstan shaft 249. 

In order to impart rotational movement to tiie trans- 
port rollers, a pulley 314 is mounted on the transport 
roller shaft 287 correspondng to the first set of transport 



rollers and Is linked to a corresporxjing pulley 31 6 on the 
capstan shaft 249 through a belt 318. The diameter of 
the transport roller pulley 31 4 is selected to be appropri- 
ately snnaller than that of the corresponding capstan pul- 

5 ley 31 6 so as to realize a stepping-up in speed from tiie 
capstan rollers to tiie transport rollers. The second set 
of ti'ansport rollers mounted on the transport roller shaft 
288 is driven at the same speed as the rollers on the first 
set of transport rollers by means of a pulley 320 which is 

w linked to the ti^ansport pulley 31 4 by means of a belt 322. 
As also shown in FIGS. 14 and 15. an optical 
encoder 299 is mounted on one of tiie transport roller 
shafts. pr6ferat)ly the passively driven transport shaft 
288. for precisely tracking the lateral displacement of bills 

15 supported by the transport rollers in terms of the rota- 
tional movement of the tiansport shafts, as discussed in 
detail above in connection with tiie optical sensing and 
correlation technique of tiiis invention. 

In order to drive the stacker wheels 238, 240an inter- 

20 mediate pulley 322 is mounted on suitable support 
means (rx3t shown) arxl is linked to a corresponding pul- 
ley 324 provided on the capstan shaft 249 through a belt 
326. Because of the time required for transporting cur- 
rency bills which have been stiipped from the currency 

25 stack in the input t>in through tiie tri-sectional transport 
path and onto the stacker platform, the speed at which 
tiie stacker wheels can rotate for delivering processed 
bills to the stacker plate is necessarily less tiian that of 
tiie capstan shaft Accofdingly, the diameter of the inter- 

30 mediate pulley 322 is selected to be larger than that of 
the conresponding capstan pulley 324 so as to realize a 
reduction in speed. The interim pulley 322 has an asso- 
dated pulley 328 which linked to a stacker pulley 330 
provkled on the drive shaft 241 for the stacker wheels 

35 238, 240 by means of a belt 332. In tiie preferred embod- 
iment shown in FIGS. 1 1 -1 5, the stacker wheels 238, 240 
rotate in tiie same direction as tiie capstan rollers. This 
is accomplished by arranging the belt 332 between the 
pulleys 328, 330 in a "Figure-8" configuration akx)ut an 

40 anchoring pin 333 disposed between the two pulleys. 

The cun^ed section 272 of the gukleway 270 is pro- 
vided on its underside with an optical sensor arrange- 
ment 299. including an LED 298. for performing standard 
currency handling operations such as counterfeit detec- 

45 tion using conventional techniques, doubles detection, 
lengtii detection, skew detection, etc. However, unlike 
conventional arrangements, currency discrimination 
according to denomination is not performed in this area, 
for reasons described below. 

50 According to a feature of this invention, optical scan- 
ning of currency bills, in accordance with the above- 
descra^ed improved optical sensing arxJ conrelation tech- 
nique, is performed by means of an optioU scanhead 296 
which is disposed dOMmstream of the curved guideway 

55 270 along tiie flat section 274 of the output path. More 
specifically, the scanhead 296 is located under tiie flat 
section of the output path between the two sets of t^ns- 
port rollers. The advantage of this approach is tiiat opti- 
cal scanning is performed on bills when they are 
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maintained in a substantialty flat position as a result of 
positive contact between the two sets of transport rollers 
at botii ends of the bill along their narrow dimensiv 

It should be understood that the above-described 
drive arrangement is provided for illustrative purposes 
only. Alternate arrangements for inrparting the neces- 
sary rotational movement to generate movement of cur- 
rency bills along the tri-sectional transport path can be 
used just as effectively It is inportant. however, that the 
surface speed of currency bills across the two sets of 
transport rollers be greater than the surface speed of the 
bills across the capstan rollers in order to achieve opti- 
mum bill separation. It is this difference in speed that gen- 
erates the abrupt acceleration of currency bills as the 
bills come into contact with the first set of transport roll- 
ers. 

The drive arrangement may also Include a one-way 
clutch (not shown) provided on the capstan shaft and the 
capstan shafts, the transport roller shafts and the stacker 
wheel shafts may be fitted with fly-wheel arrangements 
(not shown). The combination of the one-way clutch and 
the fly wheels can be used to advantage in accelerated 
batch processing of currency bills by ensuring that any 
bills remaining in the transport path after currency dis- 
crimination are automatical ly pulled off the transport path 
into the stacker plate as a result of the inertial dynamics 
of the fly wheel arrangements. 

As descr9:>ed above, implementation of the optical 
sensing and con^^ation technique of this invention 
requires only a relatively low number of reflectance sam- 
ples in order to adequately distinguish between several 
currency denominations. Thus, highly accurate disainv 
■nation becomes possible even though currency bills are 
scanned along their narrow dimension. However, the 
accuracy with which a denomination is identifted is based 
on the degree of correlation between reflectance sanrh 
ples on the test pattern and corresponding samples on 
the stored master patterns. Accordingly, it is important 
that currency bills t>e transported aaoss the disalmina- 
tion means in a flat position and. more importantly, at a 
uniform speed. 

This is achieved in the bill handling apparatus of 
FIGS. 1 1 -1 5. by positioning the optical scanhead 296 on 
one side of the flat section 274 of the output path 
between the two sets of transport rollers. In this area, 
currency bills are maintained in positive contact with the 
two sets of rollers, thereby ensuring that the bills move 
across the scanhead in a substantially flat fashbn. Fur- 
ther, a uniform speed of bill movement is maintained in 
this area because the second set of passive transport 
rollers is driven at a speed identical to that of the active 
transport rollers by means of the belt connecting the two 
sets of rollers. Disposing the optical scanhead 296 in 
such a fashion downstream of the curved guideway 270 
along the flat sectton 274 maintains a direct correspond- 
ence between reflectance samples obtained by the opti- 
cally scanning of bills to be discriminated and the 
con'esponding samples in the stored master patterns. 



According to a preferred embodiment, the optical 
scanhead comprises a plurality of light sources acting in 
combination to uniformly illuminate light strips of the 
desired dimension upon currency bills positioned on the 

5 transport path below the scanhead. As illustrated in FIG. 
16, the scanhead 296 includes a pair of LEDs 340. 342, 
directing beams of light 340A and 340B, respectively, 
downwardly onto the flat section 274 of the output path 
against which the scanhead is positioned. The LEDs 

10 340, 342 are angularly disposed relative to the vertical 
axis Y in such a way that their respective light beams 
combine to illuminate the desired light strip 342. 

TTie scanhead 296 includes a photodetector 346 
centrally disposed directly above the strip fa sensing the 

IS light reflected off the strip. The photodetector 346 is 
linked to a central processing unit (CPU) (not shown) for 
processing the sensed data in accordance with the 
above-descrft}ed principles of this invention. Preferably, 
the beams of light 340A. 340B from the LEDs 340. 342. 

20 respectively, are passed through an optical mask 343 in 
order to realize the illuminated strips of the desired 
dimensions. 

In order to capture reflectance samples with high 
accuracy, it is important that the photodetector capture 

25 reflectance data uniformly across the illuminated strip. In 
other words, when the photodetector 346 is positioned 
centrally ^ve the light strip relative to the midiXMnt "0" 
thereof, the output of the photodetector, as a function of 
the distance from the central point "0" along the X axis. 

30 should optimally approximate a step function as illus- 
trated by the curve A in FIG. 1 7. With the use of a single 
light source angulariy displaced relative to the vertical, 
the variation in photodetector output typically approxi- 
maXes a Gaussian function, as illustrated by the curve B 

55 in FIG. 17. 

In accordance with a preferred embocfiment the two 
LEDs 340 and 342 are angularly disposed relative to ttie 
vertical axis bf angles a and p. respectively TTie angles 
a and p are selected to be such that tiie resultant output 

40 of the photodetector is as ctose as possble to the opti- 
mum distrBxition curve A in FIG. 17. According to a pre- 
ferred embodiment, the angles a and p are each selected 
tobe19.9degrees.Thephotod6tector output distribution 
realized by this an^ngement is illustrated by the cun^e 

45 designated as "C in FIG. 17 which effectively merges 
ttie indivkJual Gaussian distributions of the light sources 
to yield a composite cfistribution which sufficientiy 
apprcodmates the optimum curve A. 

TTie manner in which the plurality of light strips of 

50 different dim&isions are generated by the optical scan- 
head by means of an optical mask is illustrated in FIG. 
18. As shown therein, tiie optical mask 350 essentially 
comprises a generally opaque area 352 on which two 
slits 354 and 356 are defined for alkswing lighrt from tiie 

55 light sources to pass through so as to illuminate light 
strips of the desired dimensions. More specifically, slit 
354 corresponds to the wkJe strip used for obtaining tine 
reflectance samples which correspond to the character- 
istic pattern for a test bill. According to an Illustrative 
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embodiment, the wide slit 354 has a length of at)out .300" 
and a width of at>out .050". The second slit 356 is 
adapted to generate a relatively narrow illuminated strip 
used for detecting the thin borderline surrounding the 
printed indicia on currency bills, as described above in 
detail. According to the illustrative embodiment, the nar- 
row slit 356 has a length of about .300" and a width of 
about .010". 

It will be obvious that high precision machining 
would be required for predsely defining the slits. In prac- 
tice, it becomes drff icutt to machine the narrow strip 356 
on the optical mask 350. This probl^ is approached, 
according to a preferred embodiment by defining the 
mask 350 In the form of separate sections 360 and 362. 
The section 360 has one edge nrachined to correspond 
to one half section 356A of the desired slit 356. The sec- 
ond section 362 has a corresponding edge machined to 
correspond to the other half 356B of tiie slit 356. When 
the two sections 360 and 362 are mechanically linked 
together, they effectively define tiie narrow strip 356. The 
advantage with this approach is tiiat. tiie two halves 
356A, 356B, which togettier define the strip 356, can be 
precisely defined since machining on the edges of tiie 
mask can be handled witii much more precisk)n tiian 
machining witiiin tiie mask itself. 

Claims 

1 . A document evaluation device for receiving a stack 
of documents and rapidly evaluating ail the docu- 
ments in the stack, said device conrprising: 

an input receptacle (227) for receiving a stackof doc- 
uments to be evaluated; 

a single output receptacle (20) for receiving said 
documents after sakJ documents have been e^^lu- 
ated: 

a transport mechanism (16) lor transporting said 
documents, one at a time, from said input receptacle 
(227) to said output receptacle (20) along a transport 
patii; 

a disaiminating unit (18,30) for evaluating said doc- 
uments, said discriminating unit including a detector 
(26) positioned along said ti^ansport patiis between 
said input receptacle and said output receptacle, 
said disaiminating unit counting and detemnining 
the identify of said documents; and 
means for flagging a document meeting or foiling to 
meet a certain aiteria. 

2. The document evaluation device of claim 1 . wherein 
said means for flagging a document causes said 
transport mechanism (16) to stop. 

3. The document evaluation de^ce of daim 1 or 2 
wherein certain aiteria is said discriminating unit 
determining the kientity of said docuntent and 
wherein said means for flagging causes said trans- 
port mechanism (16) to stop when said docum^ 



fails to met said criteria of having its identity deter- 
mined by said disaiminating unit. 

4. The document evaluation device according to any of 
5 daims 1 to 3 wherein sakJ documents are currency 
bills and where said discriminating unit counts and 
determines the denomination documentation of said 
bills. 

10 5. The documerrt evaluation device of daim 4 wherein 
said certain aiteria is said disaiminating unit deter- 
mining the denomination of said bills and wherein 
said means for flagging causes said transport mech- 
anism (1 6) to stop when sakl document fails to meet 

15 said criteria of having its denomination determined 
by said discriminating unit. 

6. The document evaluation device according to any of 
daims 1 to 5 wherein said detector of said discrim- 

20 inating unit indudes a stationary optical scanning 
head (18) for scanning at least a preselected seg- 
ment of each bill transported between saki input and 
output receptades by saki transport mechanism, 
and producing an output signal representing the 

25 scanned image and wherein said discrimination unit 
indudes signal processing means (30) for receiving 
said output signal and determining tiie denomina- 
tion of each scanned bill. 

30 7. A metirod of counting and discriminating documents 
of different types comprising the steps of: 
receiving a stack of document to be evalued in an 
input receptade (227); 

transporting said documents, one at a time, from 
35 said input receptade (227) to a single output recep- 
tade (20); 

counting and determining tiie kJentity of saki docu- 
ments; arxl 

flagging a document when the document meets or 
40 fails to meet a certain criteria 

8. The method of daim 7 wherein said documents are 
currency bills. 

45 9. The method of daim 7 or 8 wherein said flagging 
step comprises stopping said transporting of sakI 
bills and wherein said aiteria is determining the 
kjentity of said document; and wherein said docu- 
ment is flagged when the identity of said document 

50 can not be determined. 

10. The method according to any of claims 7 to 9 
wherein sakI step of determining the klentity of sakI 
documents comprises scanning a preselected seg- 
55 ment of each bill transported between said input 
(227( and output (20) receptades using a stationary 
optical scanning head (1 8). and producing an output 
signal representing the scanned image. 
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